Microbe
Hunter
Microscopy Magazine

Hydras

Camera adapter

ISSN 2220-4962 (Print)
ISSN 2220-4970 (Online)
Issue 54
October 2016
The Magazine for the
Enthusiast Microscopist

http://www.microbehunter.com

DIY darkfield
condenser

October 2016 - Issue 54 - MicrobeHunter Microscopy Magazine - 1

CONTENTS

Microbehunter Microscopy Magazine
The magazine for the enthusiast microscopist

3

A microscopy field box for
specimen collection

The Magazine is a non-commercial project.

By Oliver Kim

Issue 54, October 2016
ISSN 2220-4962 (Print)
ISSN 2220-4970 (Online)

4

Adding a Darkfield Stop to the
Nikon Labophot Abbe Condenser

Download: Microbehunter Microscopy Magazine can be downloaded from:
http://www.microbehunter.com
Print version: The printed version can be ordered at: http://microbehunter.magcloud.com
Publisher and editor: Oliver Kim, Ziegeleistr.
10-3, A-4490 St.Florian, Austria
Email: editor@microbehunter.com
Web: http://www.microbehunter.com
Tel.: +43 680 2115051
Images and Articles by: Oliver Kim, Carl
Hunsinger, Charles E. Guevara, Jim Tallon,
Forbes Pettigrew, Rashid Nassar.
Copyright: By submitting articles and pictures,
the authors have confirmed that they are the full
copyright owners of the material, unless specified otherwise. Authors are responsible for obtaining permission for copyrighted work that they
do not own. Creative commons and public domain images are indicated with a small text next
to the image or in the caption. The copyright of
all other images is with the author of the article
(unless specified). If you feel that your copyright
has been violated or that a mistake in attribution
has been made, please contact the editor. You
are not allowed to distribute this magazine by
email, file sharing sites, web sites or by any other means. If you want to have a copy of this
magazine, either order one from Magcloud (see
link above) or vistit www.microbehunter.com.

By Carl Hunsinger
10

A Hydra for all Seasons
By Charles E. Guevara

14

A microscope camera adapter
By Oliver Kim

18

Gallery
Jim Tallon, Forbes Pettigrew,
Rashid Nassar

20

Requiem for a Spider
By Charles E. Guevara

Editorial: Article and image submissions are
welcome and should be sent to:
editor@microbehunter.com.
For submission guidelines, consult the website
at: http://www.microbehunter.com/submission
Disclaimer: Articles that are published in Microbehunter Microscopy Magazine and the blog
do not necessarily reflect the position or opinion
of the publisher. The publication of these articles
does not constitute an endorsement of views
they may express. The authors themselves are
responsible for the contents. Advice provided in
Microbehunter Microscopy Magazine is provided
as a service and as a recreational resource and
neither the authors nor the publisher can be held
liable and responsible for any errors, omissions
or inaccuracies, or for any consequences
(health, hardware, etc.) arising from the use of
information of this magazine and the blog (or
anything else). Conduct all lab work and (microscopy) hardware modifications at your own
risk and always follow the instructions of the
manufacturers.

Front Cover: Spirogyra algae (Oliver Kim)
Left image: Charles E. Guevara
Middle image: Oliver Kim
Right image: Carl Hunsinger

2 - MicrobeHunter Microscopy Magazine - October 2016 - Issue 54

Top: Potato starch grains (pol. light)
Back cover: dog fur.

ACCESSORIES

By Oliver Kim

I

have put together a microscopy
field box for collecting samples.
The field box can carry ten plastic
containers, and a set of tools, such as
scissors, tweezers and a dropper pipette. There is also place for a small
magnifying lens, which you can see
on the right in the photograph below.
I got the plastic containers from a
drug store. They are used for skin
creams and they have a screw-on cap,
which is water tight. This is important
for obvious reasons, as I will also be
collecting water samples. All components of the box are held in place by
some spongy packaging material. If
some of the water should run out
(which has not happened so far), the
sponge will absorb it. The soft material also prevents the tools from being
too noisy when the box is transported.

Now a few words about the plastic
box itself, which I bought in a hardware store. It has a clear lid and is
used for storing screws, nails and other small things. The box came with
several plastic separators, which can
be used to make smaller compartments inside the box. These were not
used, however.
After a few days of usage, I did,
however, discover that the box is larger than necessary. Most of the tools I
did not need, and filling all ten containers with specimens is also a bit
unrealistic in most cases. I therefore
bought myself a smaller plastic lunch
box, which now contains a scissor,
tweezers and three plastic containers.
■

1

Figure 1: The field box can carry ten
plastic containers (20ml and 30ml
volume) as well as tools.
Figure 2: The (water tight) plastic
containers.

2

October 2016 - Issue 54 - MicrobeHunter Microscopy Magazine - 3

DIY

By Carl Hunsinger

T

he circular dovetail used to
mount the condensers on many
Nikon and Olympus microscopes, while technically superior to
the collar mounts used in earlier
equipment, makes the insertion of a
simple darkfield stop into the condenser light‑path a difficult task. In
order for a darkfield stop to be effective, it needs to be located very near
(ideally in the same optical plane as)
the aperture diaphragm in the condenser, and the presence of the
mounting dovetail makes this difficult
to accomplish.
In a typical collar-mount condenser, the filter slot or tray located on the
bottom of the condenser is close
enough to the aperture diaphragm
such that a simple darkfield stop

works well when placed in the slot or
tray. However, the presence of the
dovetail ring on the bottom of many
condensers prevents a darkfield stop
attached to the underside of the condenser from being close enough to the
aperture diaphragm to achieve effective darkfield. In order to achieve
darkfield in these condensers, the stop
needs to be inserted up into the underbore of the condenser, so as to place it
near the aperture diaphragm.
This document describes the construction of a simple insert that will
position a darkfield stop in the proper
position within the Nikon Labophot
Abbe condenser shown in Figure 1.
This Nikon condenser is compatible
with the Nikon Labophot and Optiphot microscopes, as well as the

1

Olympus BH-2 (BHT, BHTU, and
BHS) microscopes.

Parts Needed
In order to construct a darkfield
insert for the Nikon condenser shown
in Figure 1, you will need the following parts and materials:
· Nikon MXA20495 33 mm filter
holder
· Short section of 1” diameter PVC
pipe (SDR-21 is preferable, but
schedule 40 may also be used)
· Darkfield stop with an outer diameter 33 mm and a center stop diameter as described later in this
document
· Adhesive to bond the darkfield
stop onto the PVC pipe (LOCTITE® 598 or PRO SEAL®
80046 black RTV silicone)
· Flat-black optical paint or a widetipped black Sharpie® permanent
marker

Determining Dimensions of
Darkfield Stops
With a darkfield stop of the proper
size installed in a standard Abbe condenser (and assuming it is properly
centered within the optical path), it
should be possible to set up the microscope to achieve darkfield for the 4x,

Figure 1: Abbe condenser from Nikon
Labophot

4 - MicrobeHunter Microscopy Magazine - October 2016 - Issue 54

DIY

Figure 2: Nikon MXA20495 filter
holder

2

Figure 3: A better view of the Nikon
MXA20495 filter holder

marked for aperture diameters, you
can read the required stop diameter
directly off of this scale. Add 10% or
so to this diameter to allow for imperfections in condenser centering and
setup, and you are ready to fabricate
the darkfield stop.

3

Fabricating Darkfield Stops

10x, and 20x objectives, with little
difficulty. Although each objective
should ideally be used with a dedicated stop sized to the numeric aperture
of the specific objective, in practice, a
single stop sized for the 20x objective
will provide acceptable darkfield for
the 4x, 10x, and 20x objectives.
The following procedure is a good
method for determining the diameter
of the stop needed for a specific objective, when using the Labophot condenser. First, set up the microscope
for Köhler illumination and center the
condenser using the desired objective

(20x is recommended) and then and
move the slide to a clear area. Next,
remove one of the eyepieces and sight
down the ocular tube to observe the
back focal plane of the objective (if
possible, use a phase telescope or Bertrand lens to do this). Close the condenser aperture until the edges of the
diaphragm leaves become visible, and
then open it until the illuminated disk
just fills the exit pupil. The aperture
is now set to the minimum theoretical
diameter of the stop needed to achieve
darkfield for this objective. Since the
scale of the Labophot condenser is

There are several methods that can
be used to fabricate darkfield stops.
Regardless of which method you
choose, be sure to blacken the finished stop using flat-black paint or a
black Sharpie® marker in order to
reduce optical reflections. Stops can
be cut from various materials, with
card stock being perhaps the easiest to
work with (which can be cut by hand
with an X-Acto® knife). If you have
access to a laser cutter or CNC milling
equipment, many other options are
available to you. An alternative method is to place an opaque black circle
of the required diameter onto the center of a clear glass disk or colored
glass filter with a 33 mm diameter. If
you routinely use a blue filter in the
optical path to provide balancing for
the otherwise warm halogen lighting
in your microscope, you can use a 33
mm blue filter to make the darkfield
stop, thereby making the filter integral
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Figure 4: A view of the markings of
the preferred SDR-21 PVC pipe.
Figure 5: A view of the difference in
wall thicknesses in SDR-21 PVC (left)
and Schedule 40 PVC (right).

to the darkfield insert such that a
stand-alone filter is not required for
darkfield. You can also print darkfield stops onto transparency film using an Inkjet or LaserJet printer.

Constructing the Darkfield
Insert
The first thing needed is a Nikon
MXA20495 filter holder (see Figure 2
and Figure 3). This part was made to
allow a 33 mm diameter filter to be
installed into the under-bore of the
Abbe condenser for the Nikon E200
microscope, but it fits nicely into the
Labophot condenser shown in Figure
1 as well. The MXA20495 was avail-

able from Nikon for $17 at the time
this document was written.
Next, obtain a section of 1” diameter SDR-21 PVC (see Figure 4),
which is sometimes referred to as
class 200 or PR-200 PVC. If SDR-21
cannot be found, you may use schedule 40 PVC pipe instead, but SDR-21
is preferable since it has a much thinner wall thickness (see Figure 5).
Either way, the outside diameter of
this pipe is 33.4 mm, which snaps into
the MXA20495 filter holder nicely.
Cut a section of this pipe to a length of
1⅛” with nice, true end cuts. Remove
any burrs or sharp edges from the cut
pipe section.

6 - MicrobeHunter Microscopy Magazine - October 2016 - Issue 54

Verify that the PVC pipe section
snaps into the MXA20495 filter holder (see Figure 6). It should fit as is,
but if the fit seems too tight, lightly
sand the outside diameter until the fit
is acceptable.
Obtain or fabricate a darkfield stop
with an outside diameter of 33 mm
(or slightly less) and with a stop diameter as determined earlier (see
Figure 7).
Verify that the darkfield stop fits
onto the end of the PVC pipe without
overhanging the pipe wall (see Figure 8).
Remove the PVC pipe section
from the Nikon MXA20495 filter
holder and use flat-black optical paint

DIY
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or a wide-tipped black Sharpie®
marker to blacken the pipe (be sure to
blacken the inside, outside, and both
ends of the pipe). Re-insert the PVC
pipe section into the MXA20495 filter
holder and secure with adhesive if the
fit is loose. Secure the darkfield stop
onto the other end of the PVC pipe
section using adhesive (see Figure 9).
Allow the adhesive to fully cure.
Slide the finished darkfield insert into
the under-bore of the Nikon condenser
(see Figure 10) and press it into place
(see Figure 11), being extremely careful the first time you do this so as to
not damage the iris diaphragm if for
some reason the insert is too long.
The Nikon condenser is now
equipped for darkfield. Hold the condenser up against a light-colored
background and look into the underbore so you can see the darkfield stop.
Adjust the aperture diaphragm until
the aperture is just slightly larger than
the visible stop. You should be able
to tell how well the darkfield stop is
centered in the condenser by judging
the uniformity of the ring of light
around the stop (the centering may be
off if the end cuts of the PVC pipe are
not true). Poor centering should be
corrected.
The darkfield-equipped Labophot
condenser is now ready to be installed
onto your Nikon or Olympus microscope for darkfield applications.

Figure 6: PVC pipe section snapped
into Nikon MXA20495 filter holder.
Figure 7: A typical “spider” or
“wheel” style darkfield stop
Figure 8: A view of how everything
fits together.
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Figure 9: The finished darkfield insert, after “blacking” the pipe and
assembling the pieces.

9

Figure 10: Installing the finished
darkfield insert into the Nikon condenser.

Setting Up for Darkfield
Illumination
Install the modified condenser onto the microscope stand. Position a
slide with a suitable high-contrast
specimen on the stage. Set the condenser height so that the upper lens
surface is approximately 2.0 mm below the specimen (or 0.8 mm below
the bottom surface of a standard 1.2
mm glass slide). Fully open both the
condenser aperture diaphragm and the
field diaphragm and select the 40x
objective. Adjust the focusing and
positioning of the specimen, which
should now appear in brightfield.
Remove one of the eyepieces and
sight down the ocular tube to observe
the back focal plane of the objective
(if possible, use a phase telescope or
Bertrand lens to do this). Close the
aperture diaphragm until the illuminated ring is slightly smaller than the
exit pupil. Adjust the condenser centering screws to obtain a properly centered bright ring.
Re-install the
eyepiece and fully open the condenser
aperture once again. At this point, the
lower power objectives (4x, 10x, and
20x) should provide darkfield illumination.

10

Going Beyond Darkfield
The basic insert described in this
document can be used for other applications beyond simple darkfield illumination.
Rheinberg filters or
asymmetrical oblique stops may be
used, for example, instead of the darkfield stop to provide these additional
capabilities to your microscope.
■
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Figure 11: The Nikon condenser
equipped for darkfield.
Figure 12: Looking into the under
bore of the darkfield-equipped Nikon
condenser.

12
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OBSERVATIONS

By Charles E. Guevara

I

ask all to enjoy the recent encounters the dogs and I have had with
a population of fresh water brown
hydras. These hydras were patiently
tolerant to our Fingerlakes, USA,
February 2016 thick ice cover. The
dogs and I noted, that these hydras
seemed to thrive in our harshest dead
winter season. During February 2016
we enjoyed a bitter cold -23°F in
Fingerlakes. Hydras can only remain
dormant as a fertilized egg life stage.
They can endure starvation periods by
both cell reduction and size reduction.
A simple snip of litoral zone
aquatic dead plant stems and dead
leaves from last year’s 2015 growth
season hosted brown hydras, small
cladoceran water fleas and tribes of
other meiofauna, fungi, algae and protozoa (Figures 3, 4). The sample was
freshly observed, within an hour of

collection from the aquatic plants at
the pool edge.
Please consider the multiple dimensions of our neighbor fresh water
hydras, please enjoy the image captures I share.
Antony van Leewenhoek (16321723) first described hydras (probably
brown fresh water hydras) and made
illustrations of these hydras in 1702.
He found hydras on Duck Weed roots.
For the first time he described the
budding of hydras, an asexual form of
procreation until that description unknown.
Robert Steele and Hans Bode (Nature online, March 2010) sequenced
the entire genome of a hydra. Hydras
have about the same number of genes
as humans.
Hydras and humans share many of
the same genes. A gene, the Fox O

1

gene, regulates the number of stem
cells in hydras. Fox O genes are particularly active in people older than
one hundred years.
Hydras and humans share common signaling pathways for stem cell
maintenance, determination of lineage of cells, and cell differentiation.
Fox O genes and stem cells are
thought to play a key role in human
aging. It appears some species of
hydra never age, due to activities of
the hydra stem cells.
Dr. Daniel E. Martinez proposed
that the origin of hydras was long
after the breakup of acient earth’s
supercontinent, Pangea. He used mitochondrial and nuclear DNA sequences for the estimates of deep
time. Pangea broke up into northern
and southern earth landmasses. Hydras originate about sixty million

Figure 1: Bitter cold litoral zone habitat of
thriving brown hydras.
Figure 2: Inspecting the habitat of brown
hydras.

2

10 - MicrobeHunter Microscopy Magazine - October 2016 - Issue 54

OBSERVATIONS

Figure 3: Assistant to collection of
hydras.

3

Figure 4: Harsh cold after a mild week
at littoral zone, brown hydras thrive
here.

years ago (60 Ma) probably in the
northern earth hemisphere. Two hydra species were able to disperse to
earth’s southern hemisphere.
60 Ma was a recovery period for
our dear earth from a mass extinction
event which occurred 66 Ma ago.
Seventy five percent of our globes
plants and animals went extinct in a
geologically short period of time.
Hydras and other life forms
evolved and dispersed to fill earths
environmental niches opened after
the global extinction event. Today
hydras and humans share Fox O genes
and share similar stem cell signaling
pathways!
Hydra bodies have many stem
cells, most of hydra body cells are
stem cells. Very few of hydra body
cells are fully differentiated cells,
stem cells constantly renew the hydras
body. Dr. Martinez in California,
USA and Dr. Jaames W. Voupel in
Rostock, Germany followed individual brown hydras for eight years.
There were no signs of senescence,
and constant fertility, in 2256 individual hydras cared for, in the labor intensive project!
Using transgenic hydras, and realtime microscopy, the remarkably
plastic mouths of hydras are now biomechanically understood. Real time
tracking of cell position, and cell
shape permit this study. Transgenic
hydras were made, whose outer cell
layer (ectoderm layer of cells) glow
green when illuminated, while the inner cell layer (the endoderm layer of
cells) glow red with the same illumination. Microscopy of the individual
cells showed that hydra mouths open
by changes in cell shape, not by cellular rearrangements. When you watch
individual hydra cells, the cells

4

change shape, the cells stretch tremendously, even the cell nuclei are
deformed.
Using radial contractile processes
(myonemes) located in their outer cell
layer, under nerve cell control, hydras
distort or 'rip a hole' into their mouth
ectoderm each time they ingest materials with their mouths.
Enjoy our hydras for all seasons!

Daniel E. Martinez, Proceedings of
the National Academy of Science, vol
112, no 51, Dec 22, 2015 "Constant
mortality and fertility over age in hydra"
Eva Maria S Collins, Robert Steele, et
al, Biophysical Journal, vol 110, issue
5, 8 March 2016
■

Sources:

Clifford Dobel," Antonie Van Leeuwenhoek and his Little Animals",
1934
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Figure 5: “As if it dances!”
Figure 6: Bud on hydra and a developing female gonad on brown hydra
Figure 7: Hydra mouth biomechanics
are now understood in 2016!
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Figure 8: A cladoceran water flea in
wrong place at the wrong time!
Figure 9: A cladoceran next to the
hydra’s mouth.
Figure 10: Male gonad at center, female gonad towards the left.
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REVIEW

By Oliver Kim

T

here are several ways on how
to connect a camera to a microscope. One way if afocal photography. In this case, the camera is
placed right in front of the eyepiece of
the microscope.
It is necessary to position the camera precisely. The distance between
the camera’s objective and the eyepiece has to be correct (eye-relief) as
well as the horizontal orientation of
the camera, as well as its tilt. Even a
very small deviation from the ideal
position will result in a bad image, or
none at all. It is therefore very difficult to position the camera without
any additional support. It is possible
to use a tripod, but can be somewhat
inconveni ent.
After some searching, I have
found a company that sells adapters
for pocket cameras (Figure 1). The
adapter is the TS Optics Digiklemme1
from a German manufacturer. This
adapter is able to support cameras
with a weight of up to 500g, but the
company also offers different adapters for larger cameras. These adapters
can also be used for telescopes, as it is
supplied with two different eyepiece
clamp sizes (0.965” for microscopes
and 1.25” for telescopes). The cost
was EUR 35.
The adapter clamps tightly around
the eyepiece or phototube and therefore I decided to make an aluminium
cylinder (Figures 3 and 4, part D),
which allows me to rotate the whole
setup.
There are a few advantages and
disadvantages to afocal phtography in
general. Afocal photography gives
you a wide zoom range. You can capture the whole field of view and you

1

2

can also zoom in. Dedicated microscope cameras only capture a small
part in the center. Pocket cameras are
widely available and many already
have one at home. It is therefore easily
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Figure 1: The adapter with clamps of
two sizes (of which only one is
needed).
Figure 2: The 0.965" eyepiece clamp.

REVIEW

3

F

G

A: Camera objective
B: 0.965” microscope
eyepiece (15x in this
case)
C: Clamp for 1.25”
telescope eyepieces
D: Aluminium adapter ring to
allow rotation (homemade)
E: Microscope photo tube
F: Rubber disk
G: Spacer
H: Camera adjustment
bracket
I: Distance axis rod

H

A
B
I
C
D
E

4

5

H
D

Figure 3: Adapter in operation. The larger 1.25" eyepiece
clamp was fitted around an aluminium tube (D). This allowed
the system to rotate, while still being stable.
Figure 4: The DIY adapter ring (not included).
Figure 5: By mounting the camera adjustment bracket (H)
diagonally, it is possible to mount cameras that have the
objective and tripod mount not in line.
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possible to upgrade the microscope
without much cost. Afocal photogrpahy can be done with any microscope, and you do not need a
phototube (trinocular microscope
head). One of the biggest advantages,
in my view, is the possiblity to easily
make videos. Dedicated microscopes
cameras are connected over USB, and
the speed of transfer is usually not
high enough to allow for hig resolution video. More modern USB3 cameras are expensive and they too
require a computer next to the microscope.
The are also some issues, however. The design is by far not as compact
and requires more space. The biggest
disadvantage, however, is that some
of the captured images contain distracting reflections in the form of concentric circles in the center of the
image. The cause of these, I was not
able to determine yet (Figure 6).

What I liked and did not like

Besides the low price, there are a
few other things that I liked about the
adapter. First, the connection to the
microscope is surprisingly stable.
This is also due to the rubber spacers
that are placed between the camera
and the adapter. They increase friction
to the extent that the whole system
becomes quite rigid, without having
to tighten the screws too much. I did
add another adapter sleeve, however.

6

Figure 6: Concentric circles of
unknown origin.
Figure 7: Rotifers

7
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This sleeve out of aluminum fits
around the phototube and makes it
possible for the whole system to rotate. Without this sleeve the adapter
fits tightly around the phototube.
Making the system able to rotate
makes it easier to compose the images.
■
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9

Figure 8: 10x objective, wide angle.
Figure 9: With maximum camera
zoom. The gray spots are due to dust
on the eyepiece.

To buy the adapter, search for:
TS Optics Digiklemme1
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Gallery

Top image: A section of the wing with
a 20X objective.
Bottom image: Dragonfly body with
the 40X objective.
Images by Jim Tallon
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Closterium, 20x objective, DIC. Image by Rashid Nassar

Plan 40x/0.65, 60µm, DIC, 4 single images joined in Photoshop. Image by Forbes Pettigrew
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OBSERVATIONS

By Charles E. Guevara

P

lease enjoy our difficult, yet
rewarding, weekend collection
hike for microscopy in our area. Totally fallow and wild lands can
be found adjacent to this Fingerlakes,
USA stream. This meant a trudge
through five to six foot high dense
plants, to reach the stream for the
collection of specimens. Savor this
microscopy hike and understand that
my good doggies (Figures 1 and 2)
fared a more difficult hike. They were
so deep beneath the wild medow flora. Yes, my doggies kept close to my
heels as I 'bush wackted a path'. I
myself was following a path shaped
by resident deer.
A dead spider was floating in a
still section of the stream channel’s
bank area. It caught my eyes due the
'fir' on it's carcass. I gently lifted it to
a sample container for observations at
home microscopy bench.
This arachnid carcass was a microhabitat for a dense fungi community
(possibly Phycomycetes), and this
specimen thrilled me with it's dense
population of peritrich cilliates and yes! yes! - a wonderful pack of bright

green Paramecium bursaria!
I have never before encountered a
pack of P. bursaria on the same niche
microhabitat. This tribe of P. bursaria on the single carcass reminded me
on the current debate on the dispersal
and biogeography of microorganisms:
the microorganism ubiquity hypothesis. This hypothesis postulates that
'everything small can be found everywhere, but the environment selects'.
Today (Sunday, September 18,

1

2

Figure 1: The good doggies enjoy microscopy collection hikes!
Figure 2: The stream lies in distance
beyond a meadow of dense wild flora
5-6 feet in height… gulp!
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2016) I collected the shed 'husk' of a
dragon fly larvae whose dragon fly
adult stage left in the water as it
emerged as an adult. This discarded
husk hosted a dense population of
peritrich cilliates all over.
Please consider floating insect carcasses in your freshwater microscopy. When we consider the microbial
level and meiofaunal level, we observe on our glass microscope slides
a part of the entire living community

OBSERVATIONS

3

4

Figure 3: The doggies hike close together in the dense flora.
Figure 4: The stream channel at last.
The entry to a shallow section has
been achieved.

5

Figure 5: This spider carcass caught
my attention at the stream shore due
it's coating with 'fir'.
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Figure 6: Paramecium bursaria, I love the
green colors, I love how this protist behaves!
Figure 7: A delightful pack of P. bursaria…
yes, yes!
Figure 8: Two species of Paramecium in
observed encounter.
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Figure 9: Did the fungus infect then
kill this spider? Many species of
fungus do infect and kill host
arthropods.

10

Figure 10: This pack of P. bursaria on
this spider carcass reminds us of
micro-niche / microhabitats which
manifest all about our worlds!

from where we collected the specimens from. Consider the dance of the
trophic levels in our microscopy: The
pico-plankton (bacteria, and - gulp! viruses), the nano-plankton (small algae and heterotrophic nanoflagelates),
and the micro-plankton (20 microns to
200 microns, which include protozoa
and rotifers). Please enjoy my: Requiem for a Spider.
Sources:

"Biogeography of Microscopic Organisms: Is everything small everywhere?", editor Diego Fontanelo,
2011.
■
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What’s this? Answer on page 2.
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